Obsessive-compulsive disorder (OCD) is characterized by obsessions (intrusive thoughts, images etc.) and compulsions (repetitive, stereotyped and perseverant acts). Animal models of OCD are specifically devoted to simulating compulsive features of the disorder. In OCD, compulsive behaviors are recognized as repetitive and maladaptive and symptoms relief can be experienced due to treatment with selective serotonin reuptake inhibitors. Many animal models of OCD are provided with some degree of validity. Genetically based differences in behavior in animal models of OCD are of great value, given that human OCD is reported to involve genetic factors. Some animal models of OCD were already used in studies for the evaluation of strain differences. These works were explored in the present review.
Introduction
Obsessive-compulsive disorder (OCD) is characterized by obsessions (intrusive thoughts, images etc.) and compulsions (repetitive, stereotyped and perseverant acts). Compulsions are reported to relieve anxiety induced by the obsessions. However, the connection between them is usually poor or unreasonable [1] . A 1.2% lifelong prevalence is reported [2] and increasing rates in first degree relatives, dizygotic and monozygotic twins point to an important role for genetic factors [1] . As the disorder can be debilitating, cognitive-behavioral or pharmacological therapies (selective serotonin reuptake inhibitors [SSRI] are first-line treatments) are usually applied; in some refractory cases neurosurgery offers some degree of symptoms relief [3] .
Obsessions may involve decreased confidence in memory and biases toward threatening stimuli and memory [4] [5] . While it is not feasible to model obsessions in animals because of their cognitive nature, compulsions are especially suitable for this purpose. Further, it is argued elsewhere that "modeling compulsive behavior is a meaningful surrogate endpoint for an OCD model" [6] .
To be considered satisfactory and useful, an animal model should attend some validation criteria. Those considered mostly important include [7] : face validity (How similar are the behavior under study and the clinical manifestations of the disorder?), construct validity (Are the behavioral and neurobiological processes involved in the model and in the disorder similar?) and predictive validity (Can the model predict the effect of a treatment in human patients?).
As compulsive behaviors are feasible targets for animal modeling, it is important to note that they can be viewed from different perspectives [8] : 1) as persistence in the face of adverse consequences; 2) as behavioral inflexibility; or, 3) as inability to monitor or stop behavior. Animals can show compulsive behaviors which parallel the description of compulsions for human patients in respect to their exaggerated and maladaptive nature. Indeed, for example, acral-lick dermatitis is seen in large-breed canines and other mammals and is characterized by excessive licking/biting of extremities. Similarly, when confined to captivity, different species frequently show stereotypy (e.g. vervet monkeys). In both examples, SSRI treatment is able to decrease the compulsive behavior [9] [10] .
Since genetic factors seem to be involved in OCD, studying these factors in animal models is important both for the validation of the model and for improving knowledge about the disorder. A selective breeding program for phenotypes of increased or decreased amounts of a compulsive behavior could be a heuristic tool for studying OCD. Indeed, such kind of program was successfully achieved in respect to nest building behavior in mice [11] . No similar program, to the best of our knowledge, was developed using rats. However, comparing existing strains in animal models of OCD seems to be a valuable starting point. Many procedures were developed for modeling OCD (for reviews see [6] [12]). However, just a few were employed for investigating strain (and individual) differences. In the following sections, the available information about these differences is explored.
Animal Models of OCD

Schedule-Induced Polydipsia
Impressive increases in drinking behavior (more than a three-fold increase in relation to the regular 24-hour intake) during a 3-hour training session can be found as a result of the delivery of food pellets in an intermittent schedule to food-deprived rats [13] . As the procedure is carried out with non water-deprived animals, this phenomenon, known as schedule-induced polydipsia (SIP), is acknowledged as unrelated to homeostatic needs and, thus, seems to be marked by an exaggerated, repetitive and maladaptive drinking behavior. Indeed, SIP is proposed as an animal model of compulsion symptoms that can be useful for studying OCD. The fact that chronic treatment with SSRI leads to decreases in SIP (see [14] [15] ) indicates that the model is provided with predictive validity for that disorder (for a review see [16] ).
Schedule-induced polydipsia seems to be a behavioral process of great generality (however, for some limitations observed in wild-caught rats, see [17] ). Nevertheless, some studies indicate differences in SIP among rat strains. For instance, Wistar and spontaneously hypertensive rats (SHR) are reported to present increased SIP when compared to Wistar Kyoto rats (WKY) [18] . Similarly, female inbred Roman high avoidance (RHA-I) rats, as compared to the inbred Roman low avoidance (RLA-I), also show increases in SIP [19] (these strains were selected for rapid [RHA-I] vs extremely poor [RLA-I] acquisition of two-way active avoidance response [20] ). Curiously, a study comparing Lewis and Fisher rat strains demonstrated differences in females, but not in males. Fisher females present more SIP than males from the same strain and also than Lewis females [21] .
An alternative approach for studying SIP in its possible relationship with genetic factors is the evaluation of naturally occurring differences in this behavior. For example, after 20 daily sessions, a sample of Wistar rats was divided into a high (HD) and a low drinker (LD) group. The criterion of being above or below the median (last three sessions) was used for grouping the rats. These groups were seen as clearly different from the fifth session onwards. Noteworthy, lower doses of d-amphetamine or cocaine (drugs that increase dopaminergic activity) are needed for decreasing SIP in HD than in LD rats [22] . Other studies have further contributed to establish relationships between individual differences in SIP and monoaminergic function in brain structures relevant for OCD [23] [24].
Food-Restriction-Induced Hyperactivity
When access to food is restricted to a short period a day (usually 90 min), rats can stabilize their weight shortly after an initial drop. However, if a running wheel is available, activity in the wheel will progressively increase and, paradoxically, food intake will decrease. Running behavior plays an exaggerated and maladaptive role that resembles compulsive symptoms in OCD (face validity). Predictive validity is supported by the fact that chronic treatment with the SSRI fluoxetine is reported to prevent increases in wheel running and weight loss [25] . Food-restriction-induced hyperactivity (FRIH) is in fact also used as an animal model of anorexia nervosa. In this connection, it is important to note that OCD and anorexia nervosa have shared features (e.g. obsessions and compulsions) and are highly comorbid (see, for example [26] ).
When this procedure was carried out with Fisher 344, Brown Norway and Lewis rats, these two later strains were found as more vulnerable to FRIH than the former one. Indeed, they showed increased wheel activity and reached the 25% body weight-loss criterion faster. Correspondingly, they also showed prefeeding increases in corticosterone, an effect not found in the Fisher 344 strain [27] .
Signal Attenuation
In OCD, it is hypothesized that compulsive behaviors can occur due to a deficient psychological/neurobiological mechanism that would normally be responsible for "loop closure" between an action and its expected outcome [28] . That malfunctioning could account for maladaptive repetitive behaviors. The signal attenuation model (SAM) seems to replicate this feature of OCD through a complex procedure. Briefly, in an operant chamber, food restricted rats are provided with food pellets which are accompanied in each trial by a compound stimulus (light and tone). That simultaneous presentation is used for lever press training. This training is followed by "signal attenuation" sessions in which the compound stimulus is presented, but not accompanied by a food pellet. Finally, in the test session, bar presses are followed by the compound stimulus, but food is never delivered. As a result of the "signal attenuation" sessions, high rates of "extra lever presses in uncompleted trials" (ELP-U) are found (these lever presses are labeled "extra" because they occur in addition to an initial lever press in the trial and the trials are labeled "uncompleted" because in them the rat do not attempt to collect a reward) [29] [30] . The attenuated association between the compound stimulus and the reward (produced by pavlovian extinction during the "signal attenuation" sessions) stands as a sort of deficient (external) feedback about the outcome of a lever press. High rates of ELP-U resemble compulsion in OCD in that they are repetitive and maladaptive responses. Acute treatment with fluoxetine [29] and other SSRIs (for a review see [30] ) before the test session is reported to decrease ELP-U, a fact that points to SAM as a suitable animal model of OCD.
While the SAM model was developed using Wistar rats, similar behavioral processes were also found in Sprague-Dawley and Lewis strains. Importantly, the Lewis inbred is derived from the Sprague-Dawley outbred strain. Thus, it is especially compelling that, among these strains, Lewis rats were found to present the highest ELP-U rates. Interestingly, while differing in these "compulsive" responses, Lewis and Sprague-Dawley are reported to show similar regular (i.e. with no previous signal attenuation) operant extinction [31] .
Hoarding Behavior
Hoarding behavior consists of carrying different material from a point to the living place [32] . In humans, compulsive hoarding (CH) is an obsessive-compulsive spectrum disorder characterized by difficulties in discarding several types of objects [1] . Similarly to other obsessive-compulsive spectrum disorders, CH is associated to a deficiency in mechanisms that inhibits normal hoard [33] [34] . Pharmacotherapy for CH, however, is different from that for other obsessive-compulsive spectrum disorders-it comprises administration of dopaminergic D2 antagonists (SSRI do not alleviate the symptoms) [35] . A procedure using rats resembles human CH. The equipment consists of a home-cage connected to a walled alley. Food pellets are available in the alley. The amount of food carried to the home cage is the parameter used for studying CH. Treating rats with D2 antagonists was reported to decrease the amount of pellets collected-SSRIs, on the other hand, have no effects [36] . Furthermore, 6-hydroxydopamine lesion of mesolimbic projections abolishes pellet gathering and this effect can be reversed by L-dopa [37] . Parallels between this model and human CH disorder suggest that the former is provided with face and predictive validity.
Hoarding behavior was largely studied during the mid-20 th century. Despite this early attention, few studies were found comparing different strains. Black-hooded rats are reported to gather more pellets than brownhooded and Irish rats [38] . In other comparisons, Wistar rats were found to gather more pellets than the animals from the black and brown-hooded strains [39] and than those from the pigmented lister hooded strain [40] .
Grooming Behavior
Establishing parallels between rat grooming behavior and OCD symptoms seems to be quite intuitive. Indeed, in its appearance, grooming is repetitive, stereotyped and perseverant [41] . Further, in spite of generally playing the function of caring for the skin/fur, grooming can be elicited by situations not related to skin condition-interestingly, grooming occurrence can be exacerbated by stressful experiences [42] . Thus, grooming behavior seems to be repetitive and maladaptive, mimicking characteristics of compulsive symptoms in OCD patients. Some evidences (most from studies using mice) indicate that the striatum plays a key role in modulating this behavior (see, for example [43] - [45] ). Despite the apparent obviousness of parallels between rodent grooming and OCD symptoms, carrying out these parallels in experimental studies can be a rather tricky task.
For instance, some reports describe decreases in mice grooming after treatment with the SSRI fluoxetine [44] [46] . On the other hand, after exposure to unpredictable chronic mild stress, fluoxetine can increase grooming, reversing the effects of the stress regimen [47] . These findings are generally in accordance with observations that effects on grooming can occur in a context-dependent manner, i.e. they can appear or not (or can be even opposite), depending of the test situation (see, for example [43] [48]). The above information can be seen as warning notes on the complexity of interpreting grooming results.
Strain differences in grooming were studied in depth in comparisons between the RHA and the RLA lines/strains. These lines/strains, after selection for rapid or poor acquisition of two-way active avoidance, were found to differ in many domains, the RLA being much more anxious/fearful, frustration-prone and stress-prone than the RHA (see, for example [49] [50]). RLA rats are reported to present increased grooming in anxiety tests such as the Vogel's conflict and the hyponeophagia test [51] , as well as in the open field and the elevated plus-maze [52] . In another study in which the inbred RLA-I and RHA-I were compared, the former is reported to show increases in grooming in the open field and in the hole-board. However, no differences were found in home-cage and an apparent opposite difference was found during a two-way active avoidance task [48] .
Conclusions
Many procedures have been proposed as useful models of OCD. However, just a few were used for evaluating strain differences (or even individual differences). The procedures are remarkably different in how they induce compulsive behaviors and in what behaviors are seen as compulsive. Taking this into account, it is not surprising that, when the same strains were compared in different procedures, different and even opposite results were found in some cases ( Table 1) . This is the case for the Lewis and Fisher 344 strains. In the SIP model, Fisher rats are found as more "compulsive". In the FRIH, on the other hand, the Lewis strain is in evidence-further confirmed in other model, the SAM. A similar position replacement is found in comparisons between the RHA-I and the RLA-I strains: the former seems to be more "compulsive" according to the SIP model, the later according to grooming behavior under novelty.
Looking at the shared features of the most "compulsive" strains, it is remarkable the recurrence of themes such as drug-or novelty-seeking and decreased anxiety. These are points about the evaluated animal models hard to reconcile with human OCD and its recognized relationship with anxiety [1] . For the future it is expected Grooming behavior³ RLA-I > RHA-I Fearfulness, frustration, stress reactivity [49] [50] that other comparisons among strains in different animal models of OCD can further improve knowledge about the disorder and reveal nuances about the behavioral processes in the disorder not accessible in other types of approaches.
